C oronary spasm is closely associated with endothelial dysfunction and plays a potential role in the progression of atherosclerosis. [1] [2] [3] Whereas patients with coronary spasm have better prognosis for cardiovascular events than those with more-serious coronary artery disease (CAD), coronary atherosclerotic stenosis correlates with cardiovascular events in patients with coronary vasospastic angina (VSA). [4] [5] [6] Statins reduce the risk of cardiovascular events in obstructive CAD [7] [8] [9] [10] [11] and also ameliorate endothelial dysfunction. [12] [13] [14] In a prospective, randomized study, we showed previously that the addition of fluvastatin at 30 mg/day to conventional medical therapy with calcium-channel blockers (CCBs) for 6 months significantly reduced acetylcholine (ACh)-provoked coronary spasm in VSA patients free of coronary organic stenosis. 15 However, there is no evidence at present that statin therapy improves the prognosis of VSA patients. The purpose of this study was to assess the effects of statin therapy on clinical outcome of VSA patients free of coronary organic stenosis.
Methods Study Population and ACh-Provocation Test
The present study was a retrospective observational study that enrolled 1877 consecutive Japanese patients who had typical or atypical angina-like chest pain and underwent AChprovocation testing at our hospital between January 1991 and December 2010. We excluded 117 patients for the following reasons: acute myocardial infarction (AMI; n=20), cardiomyopathy (n=75), Brugada syndrome (n=10), and other miscellaneous conditions (n=12). To investigate the prognosis of patients free of significant atherosclerotic stenosis, we also excluded 358 patients with significant atherosclerotic stenosis. Thus, 640 VSA patients from the remaining 1402 free of significant organic stenosis were included for analysis ( Figure 1 ). We defined significant atherosclerotic stenosis (hereafter referred to as organic stenosis) as ≥75% stenosis (51-75% narrowing of the luminal diameter) of the right, left anterior descending, or left circumflex coronary artery and the major branches, or ≥50% stenosis (26-50% narrowing of the luminal diameter) of the left main trunk, as defined by the American Heart Association (AHA) classification (by visual estimation).
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The ACh-provocation test was conducted as described previously in the VSA Guideline by the Japanese Circulation Society. 17 ACh-induced coronary spasm was defined as total or subtotal obstruction within the borders of a single isolated coronary segment, or severe diffuse vasoconstriction observed in more than 2 adjacent coronary segments of epicardial coronary arteries associated with transient myocardial ischemia, as evidenced by ischemic ST-segment changes on the electrocardiogram (ECG), as described previously.
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The study protocol was approved by the Human Ethics Review Committee of Kumamoto University (Kumamoto, Japan), and a signed consent form was obtained from each subject.
Data Collection
Baseline and clinical data were obtained from the medical records. We defined the risk factors for CAD as current smoking, hypertension, dyslipidemia, diabetes mellitus, and family history of ischemic heart disease (IHD), as described previously. 6, 18 Selection of medical treatments for VSA was left to the discretion of each attending physician. Statins represented atorvastatin, pitavastatin, rosuvastatin, pravastatin, simvastatin, or fluvastatin. The prescription for statins was not randomized because the study was retrospective and observational. Information on medical treatments was available at the beginning of the follow-up.
Follow-up Data
Follow-up data were collected from the medical records, the patients, their families, or the attending physicians. The primary endpoint was defined as major adverse cardiac events (MACE), including cardiac death, hospitalization for AMI, and unstable angina. The secondary endpoint was all-cause mortality during the follow-up period that began from the date of the diagnosis of VSA to the date of the first event or until December 2012. We defined cardiac death as sudden death or death associated with AMI, and AMI as the presence of severe chest discomfort lasting >30 minutes associated with ST-segment changes and elevated cardiac enzyme levels. Unstable angina was defined as recurrence or worsening of chest discomfort or pain associated with ischemic ECG changes. Spasm-induced AMI and unstable angina were diagnosed by transient ischemic ECG changes during spontaneous nitrate-responsive angina episode, with at least one of the following: (1) absence of culprit lesion, spontaneous coronary spasm relieved by administration of intracoronary nitroglycerin, or ACh-provoked coronary spasm on coronary angiography or (2) absence of ischemic findings suggestive of significant atherosclerotic stenosis on stress testing (exercise ECG and/or myocardial scintigraphy). compute hazard ratios (HRs) and 95% CI as estimates for the endpoint. HRs were adjusted for clinical characteristics, angiographic findings, and medications according to univariate analysis for the endpoint. All variables with P<0.10 on the univariate analysis were entered into the multivariate model using the step-wise backward selection method, and P<0.05 was set for inclusion in the multivariate model. In addition, to reduce the effect of treatment selection bias and possible confounders, we performed adjustment for significant differences in the baseline characteristics of patients with propensity score matching. The predicted probability of use of statins was calculated by fitting a logistic regression model, using all clinically relevant variables such as age, sex, hypertension, current smoking, family history of IHD, total cholesterol, chest pain at rest only, and use of CCB, angiotensin II receptor blockers (ARB), nicorandil, and aspirin. One patient on statins was matched to 1 patient not treated with statins using nearest-neighbor matching within a caliper width of 0.01 without replacement. A 2-tailed P<0.05 denoted the presence of a statistically significant difference. All statistical analyses were performed with The Statistical Package for Social Sciences software (version 23.0; IBM Corp, Armonk, NY).
Statistical Analysis

Results
Clinical Characteristics of VSA Patients of the Statin and No-statin Groups
ACh-provoked coronary spasm without significant atherosclerotic stenosis was observed in 640 of 1402 patients ( Figure 1 ). Table 1 shows the clinical characteristics of the VSA patients of the statin group (n=168) and no-statin group (n=472). VSA patients of the statin group tended to be older, female, less likely to be smokers, and to have family history of IHD and chest pain at rest only and more likely to have hypertension, dyslipidemia, higher total cholesterol levels, higher low-density lipoprotein (LDL)-cholesterol levels, higher high-density lipoprotein (HDL)-cholesterol levels, lower C-reactive protein (CRP), and ARB, nicorandil, and aspirin use compared to those of the no-statin group. Dyslipidemia on admission was identified in 160 of 168 (95.2%) VSA patients of the statin group, but in only 125 of 472 (26.5%) VSA patients of the no-statin group. As shown in Table 1 , LDLcholesterol levels were significantly higher in VSA patients of the statin group than those of the other group (127.6AE41.6 vs 112.4AE29.9 mg/dL; P<0.001). The remaining 8 of 168 (4.8%) patients were prescribed statins according to the VSA Guideline by the Japanese Circulation Society. 17 After performing propensity score matching for the entire cohort, 128 matched pairs of patients were identified. For the logistic regression model to estimate propensity score, Hosmer-Lemeshow goodness of fit chi-square was 2.875 with a P value of 0.942 and the area under the curve of receiver operating characteristic curve was 0.776. There were no significant differences in clinically relevant variables between patients of the 2 treatment groups, except for incidence of dyslipidemia. Table 2 provides detailed information of statin therapy. Among 168 patients treated with statins, 26 (15.5%) were treated with atorvastatin, 17 (10.1%) with pitavastatin, 8 (4.8%) with rosuvastatin, 74 (44.0%) with pravastatin, 5 (3.0%) with simvastatin, and 38 (22.6%) with fluvastatin. In the matched-cohort, 17 (13.3%) patients were treated with atorvastatin, 13 (10.2%) with pitavastatin, 8 (6.3%) with rosuvastatin, 57 (44.5%) with pravastatin, 4 (3.1%) with simvastatin, and 29 (22.7%) with fluvastatin.
Types and Doses of Statins
Clinical Outcomes and Factors Associated With MACE
The primary endpoints were identified in the number of patients indicated in Table 3 and Figure 2 . During a median follow-up period of 60 months (IQR, 46-60), 24 (3.8%) patients of the entire cohort experiecned the primary endpoints, including cardiac death in 3, acute myocardial infarction in 2, unstable angina in 18 of the VSA patients not on statins, and unstable angina in a single patient of the statin group. All-cause deaths were recorded in 19 patients of the entire cohort. Manifestations of cardiac events in VSA patients were identified in 15 of all 24 patients (62.5%) with MACE. Furthermore, 14 (58.3%) patients were diagnosed as spasm-induced MI or unstable angina, and the culprit lesion was identified on coronary angiography in 1 (4.2%) patient. In patients of the statin group, 1 was diagnosed with spasminduced unstable angina. Manifestations of cardiac events in the remaining 9 patients could not be assessed because detailed information about events was not available. KaplanMeier survival curve indicated worse MACE-free 5-year survival rates in patients of the no-statin group compared to those of the statin group (94.3% vs 99.4%; P=0.012; Figure 2A ). Table 4 shows the results of univariate and multivariate Cox proportional hazards analyses for factors that correlated with MACE during follow-up. Multivariate Cox hazard regression analysis identified the use of statin as a significant negative correlate of MACE (HR, 0.11; 95% CI, 0.02-0.84; P=0.033) and ST-segment elevation during angina attack as a significant positive correlate of MACE (HR, 5.28; 95% CI, 2.19-12.7; P<0.001).
Analysis of the matched cohort showed 2 cases with cardiac death and 7 with unstable angina among patients of the no-statin group (Table 3 ). All-cause deaths were recorded in 7 patients in the matched cohort. Kaplan-Meier survival curve indicated significantly lower incidence of MACE in the statin group compared to the no-statin group (100% vs 91.7%; P=0.002; Figure 2B) . Because of the limited number of events, it was considered that the data of the matched cohort could not be subjected to univariate and multivariate Cox hazard regression analyses; any such analysis would overestimate MACE prognostic factors.
Discussion
Statin therapy is the standard treatment for obstructive CAD; however, it remains to be elucidated whether this therapy Data are meanAESD, median (interquartile range), or n (%). ACE indicates angiotensin-converting enzyme; ACh, acetylcholine; ARB, angiotensin II receptor blockers; BMI, body mass index; CCB, calcium-channel blocker; CKD, chronic kidney disease; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; IHD, ischemic heart disease; LDL, low-density lipoprotein; VSA, vasospastic angina.
improves the prognosis of VSA patients free of significant atherosclerotic coronary stenosis. The major finding of the present study was that statin therapy correlated with a lower rate of cardiovascular events in VSA patients free of significant stenosis. To the best of our knowledge, this is the first large-population study to investigate the prognostic effects and therapeutic implications of statin therapy in VSA patients free of significant coronary organic stenosis. In the present study, the Kaplan-Meier survival curve indicated better 5-year MACE-free survival rates in VSA patients of the statin group, compared to those of the no-statin group (99.4% vs 94.3%, respectively) and matched cohort (100% vs 91.7%, respectively). Although previous studies showed better prognosis of VSA patients free of organic stenosis than those with organic stenosis, 4-6 the results of this study would make better impact on the prognosis of VSA patients free of organic stenosis. Statin therapy has been established as a standard treatment for primary prevention. For example, 1 meta-analysis demonstrated the prognostic impact of statin therapy in patients at low risk of vascular disease. 19 Recently, Chow et al. 20 reported that statin therapy was associated with significant reduction in mortality in individuals with nonobstructive CAD. Thus, the results demonstrated that statin therapy could improve the long-term clinical outcome, including cardiovascular events, even in patients with nonobstructive CAD, and the findings of the present study were consistently in agreement with these previous studies.
Statins reduce the risk of cardiovascular events by lowering LDL-cholesterol levels. 10, 21 Furthermore, previous studies showed that aggressive statin therapy provided better protection against coronary artery plaque formation and prevented cardiovascular events, compared with moderate treatment. 7, 8 In the present study, baseline LDL-cholesterol levels were significantly higher in patients of the statins group than those of the no-statins group (127.6AE41.6 vs 112.4AE29.9 mg/dL, respectively; P<0.001), probably explaining the need for starting treatment with statin. Although LDL-cholesterol levels were not measured during follow-up, statin therapy seems to improve the prognosis of VSA patients by lowering LDL-cholesterol levels and preventing plaque formation. In addition, because our study included patients with mild-to-moderate organic coronary stenosis (25-50% stenosis), in addition to those with no coronary stenosis, such patients might have had a greater benefit from statin therapy against atherosclerosis progression. Most patients of the present study received low-intensity statin therapy probably because Japanese are known to have higher responsiveness to statin treatment compared with Caucasian. 22 The 2013 American College of Cardiology/AHA guidelines recommend the use of higher dose and aggressive statin therapy in high-risk patients with clinically confirmed atherosclerotic cardiovascular disease without titration to a specific LDL-C target for secondary prevention of cardiovascular diseases. 23 Based on the recommendation, higher dose of aggressive statin therapy might be needed in VSA patients. Prospective, randomized studies should be performed to investigate the relation between statin intensity (in terms of LDL-cholesterol target levels) and prognosis of VSA patients. Although the present study identified the manifestations of cardiac events, more than half of the patients had spasminduced unstable angina. Therefore, it seems that statins do not only reduce the risk of cardiovascular events in VSA patients through the prevention of coronary artery plaque progression, but also by direct suppression of coronary spasm. What are the mechanisms of statin-induced suppression of coronary spasm? Yasue et al. 15 demonstrated that fluvastatin specifically suppressed vasoconstrictor response in the spasm segment, probably through its pleiotropic effects of amelioration of endothelial dysfunction, suppression of inflammation, and inhibition of the Rho A/Rho-kinase pathway. Their conclusion was based on the observation of decreased endothelial nitric oxide bioactivity and increased levels of inflammation markers in patients with coronary spasm. 1, 24, 25 Interestingly, previous studies from our laboratories have also demonstrated that statins significantly increased endothelial nitric oxide synthase mRNA level, mRNA stability, and endothelial nitric oxide activity. Considered together, the above studies strongly suggest that statins seem to improve endothelial dysfunction and suppress coronary spasm. 26 Furthermore, it is also reported that statins therapy results in significant falls in serum levels of CRP, a marker of inflammation. 15 Ridker et al. 27 also demonstrated that statin therapy lowered levels of LDL-C and CRP, suggesting that the low levels of LDL-C and CRP after statin therapy are associated with low incidence of cardiovascular events. In the present study, CRP levels were significantly lower in VSA patients treated with statins than 28 This suggests that activation of the Rho A/Rho-kinase pathway could be involved in the pathogenesis of coronary spasm. In fact, previous studies reported that statin therapy suppresses coronary spasm through inhibition of the Rho A/Rho-kinase pathway. 29, 30 The present study has several limitations. First, this study was an observational, single-center, retrospective study. The cause-effect relationship between medical treatment and pathological condition could not be assessed fully because the selection of medical treatments for VSA was left to the discretion of the attending physicians. However, the use of the propensity score matching reduced the effect of treatment-selection bias and possible confounders. Nevertheless, other confounding factors that were not investigated in the present study could have affected the risk for cardiovascular events, and thus overestimation of the effects of statin therapy on coronary spasm attributed to the limited number of events cannot be ruled out. A randomized, prospective study should be conducted to confirm that statin therapy suppresses coronary spasm. Second, the low absolute number of events in the present study limits the precision of the estimate of prognostic factors. For this reason, the relation between the dose of statins and prognosis could not be analyzed. Third, the information about medical treatment and compliance was not sufficient. Because we obtained such information only at the beginning of the follow-up, we could not assess the relationship between changes in medications during the follow-up period and the clinical outcome, thus limiting the value of analysis of prognosis and the main conclusion of the study. Similarly, because we obtained the data of LDL-cholesterol and CRP levels only at the beginning of follow-up, we could not establish the exact mechanism of statin therapy, suggesting that lowering LDL-cholesterol or CRP levels plays at least some role in lowering incidence of coronary spasm. Thus, a prospective study is needed to confirm the roles of LDL-cholesterol and CRP levels in the observed effects of statin therapy. Fourth, it is possible that statin therapy was not tolerated by at least some of the patients of the no-statin group. This is especially possible because we did not check for side effects. Withdrawal of statin therapy might have an impact on the conclusion made regarding the effectiveness of statin therapy.
Conclusions
The present study demonstrated the impact of statin therapy on clinical outcome in VSA patients free of coronary atherosclerotic stenosis. The results indicated that statin therapy correlated with a lower rate of cardiovascular events in VSA patients free of significant organic stenosis. Based on these findings, we conclude that statin therapy not only prevents the progression of coronary atherosclerotic plaque formation, but also seems to suppress coronary spasm through improvement of endothelial function and, consequently, reduces the likelihood of cardiovascular events in patients with coronary spasm. ACE indicates angiotensin-converting enzyme; ARB, angiotensin II receptor blockers; BMI, body mass index; CCB, calcium-channel blocker; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio; IHD, ischemic heart disease; MACE, major adverse cardiac events. *This variable was not selected by the step-wise backward selection entry method.
